Hyperspectral 
The CoSMIR instrument is a packaging concept re-used on HyMAS to ease the integration features of the scanhead. The HyMAS scanhead will include an ultra-compact Intermediate Frequency Processor (IFP) module that is mounted inside the door to improve thermal management. The IFP is fabricated with materials made of Low-Temperature Co-fired Ceramic (LTCC) technology integrated with detectors, amplifiers, A/D conversion and data aggregation. The IFP will put out 52 channels of 16 bit data comprised of 4 -9 channel data streams for temperature profiles and 2-8 channel streams for water vapor.
With the limited volume of the existing CoSMIR scanhead and new HyMAS front end components, the HyMAS team at
Goddard began preliminary layout work inside the new drum. Importing and re-using models of the shell, the scan head computer, and the slip rings developed for CoSMIR was the starting point. The next step was to modify the antenna faceplate to accommodate the dimensions of the three dual polarization Gaussian Optics Antenna (GOA) assemblies. Two mechanical concepts for the core technology, the hyperspectral IFP, were captured in a design tradeoff. Connector models considered minimum bend radii for the IFP analog connectors. Hyperspectral imaging is accomplished by strategically using a short wavelength intermediate frequency of 18-29 GHz, and thus reducing the size of components in the connection of the front end to the IFP. The SMK (2.92mm) Series connector will lay near the hinge line to minimize its' flexing.
The digital output of the IFP will use a Serial Peripheral Interface (SPI) that must be accommodated by the scan head computer. To make that computer more reliable, maintainable, and forward compatible with the 52 HyMAS channels, a testbed of the scan head, calibration, and archive computers and the PIC24 microprocessor that resides on the IFP is in development. The computers will be programmed using a new framework application called Interoperable Remote Component (IRC). This software allows flexibility to program computers that communicate with each other and can adapt easily to the emerging HyMAS requirements for data format, algorithms, and graphical user interface (GUI). It is expected that the CoSMIR instrument will cut over to the IRC after it is adapted on an updated CoSMIR testbed. 
INTRODUCTION
The Hyperspectral Microwave Atmospheric Sounder (HyMAS) instrumentation capability takes a new step in prototyping for NASA and NOAA research. Hyperspectral measurements at all-weather microwave frequencies have previously been deferred until a breakthrough in miniaturization of filter banks was realized. That breakthrough, in a 10 cm x 10 cm x 1cm envelope allocated to the IF electronics in HyMAS, will lead the way to high resolution vertical profiling. This paper is organized as follows. The hyperspectral microwave concept is first introduced, and it is demonstrated that 52 channels can be realized in 2 bands that provide temperature and water vapor profiles. A comparison of the design characteristics of CoSMIR/ CoSSIR and HyMAS is presented. We then describe the strategy used in the configuration to accommodate the Low Temperature Co-fired Ceramic (LTCC) technology. The Interoperable Remote Component (IRC) architecture is also being introduced in the HyMAS build. All configurations presented in this paper are carried out by adapting to the CoSMIR scanhead. Finally, we summarize and provide suggestions for further research and development.
HYMAS DESCRIPTION

Front End
The block diagram in Figure 1 illustrates the overall strategy that must be used to fit 52 channels in the HyMAS scanhead. Down conversion to a relatively high IF band of 18-29 GHz allows the connecting hardware to remain small. A 1 st stage IF amplifier inside the mixer housing sets the sensitivity and dynamic range for the amplifier and filtering functions in the IF electronics. 
108-119 GHz
Gaussian Lens Antennas-saving on the room required for an orthomode transducer(OMT), the HyMAS design uses a 2 pol Gaussian optics lens antenna(GOA) for all 3 feeds. Matched 3.1-3.3⁰ beams are achieved with a slight defocus of the 183 GHz beam. Both polarizations on each GOA are also matched and early results indicate that they are meeting specifications. Sidelobes appear to be >23 dB below the main beam.
RF Preamp option-To achieve the best sensitivity and dynamic range for single sideband, we ultimately want to amplify at RF before the mixer conversion loss dominates the measurement. For now, we are accommodating this future option with a waveguide spacer. The specifications for this chip at 185 GHz are: 5 dB noise figure, 20 dB gain, ~13 dB input and output match. When signal into the mixer is amplified then LO mixing power can be reduced with less impact to the system sensitivity.
Mixer/IF amp Assembly-Conversion loss is specified at ~ 6 dB (DSB), and the 1 st IF amplifier will be incorporated into the mixer block to provide approximately 25 dB gain over a 18-29 GHz bandwidth. Gain Flatness is specified as ±2 dB and Noise Figure < Local Oscillator Chain-An example of these components was configured with commercial off the shelf (COTS) components to estimate volume and power. The phase locked dielectric resonator oscillator chains must provide required power to both of 2 mixers (estimate = 2-4 mW) at subharmonic mixing frequency to produce 18-29 GHz intermediate frequency. Frequency temperature stability is 250 KHz/degree Celsius centered at 77.15 GHz over -10 C to +40 C. For the 118 GHz channels, the same oscillator must drive four mixers at 2-4 mW. Local oscillator DC-RF power efficiency is always a driver of system power, and ultimately, volume and mass when LO power must be split requiring more thermal control components.
Compact IF Processor (IFP) using LTCC-based IF filters
-This is the key technology on the HyMAS project, allowing the IF back-end to be accommodated with minimal real estate in the drum. The IFP sits on the inside wall of the doors that allow access to the scan head drum. Six SMK coax connectors for input and 1 "9-pin D" for control, DC power, and digital output are placed in the hinge of the door to minimize flex. The position on the door will be ideal for heat spreading in the drum. Figure 3a and 3b describe the functional and physical layout of the IFP. The IF amplifier consumes 220 mWatts and is located near one corner of the filter bank real estate. This relative orientation of the amplifier to the filters spreads out the heat when the vertical stacked filters and more compact form factors are employed. Vertical stacked filters will improve channel isolation due to less trace-trace coupling but horizontal filters shown in figure 3b provided better access for early prototyping and test probing. With the vertical stacking, there will be better spurious response due to reduced feed and adjacent resonator coupling and there is also less filter loss because of fewer resonators. Integrating the diode detector circuits (Figure 3b ) further reduces the footprint and simplifies channel filter output signal routing (since it is then a near-DC signal instead.of 18-29 GHz RF).
Figure 3a and 3b: The various functions of the HyMAS IF electronics filter bank components in functional block diagram and in physical design of a 9-channel prototype
The ultimate physical design target is a 10 cm x 10 cm x 1 cm multilayer package that has some flexibility to grow in the scan head accommodation. Figure 4 depicts such an accommodation, if needed. The scan head computer is depicted in red. The antennas are depicted in gray. Because of its location on the door, significant attention must be paid to the location of the SMK (2.92mm) Series connector. It will lay near the hinge line to minimize its flexing. Likewise, the D connector for the serial peripheral interface (SPI) needs to be carefully placed to be able to reach the scan head computer, but not jam it when the door closes, and not introduce electrical noise in the RF or IF chains. IFP post-detection signal processing-On the top side of the HyMAS IFP, there will be compact analog and digital electronics to process the output of the IF filter bank. A chain of op-amp based amplifiers and active filters picks up the detected outputs of each of the 52 channels (routed through vias from the RF detectors), balancing the IF dynamic range and providing a mid-full scale input to multichannel ADCs. The digitized output of all 52 digital channels is then aggregated by a PIC24 Microcontroller. The key components of this circuitry are pointed out in figure 5a. The IF amp, ADC, and PIC24 hot spots on the board are thermally modeled at the board level and these models will be coupled to the scan head thermal models to get rid of heat conductively into the scan head door. projects. Figure 5b and 5c describe the 52 channel readout from the Serial Peripheral Interface (SPI ) managed by the microcontroller on the IFP. The scan head computer adds time tags that register temperatures, voltages, in the front end, and calibration target temperatures. Time-tagged pointing data comes across slip rings from the navigation system and conical scanning mechanism to the archive computer (figure 5b Table 1 ). This analysis seems to indicate that moving to more channels at slower rates seems feasible. The model output shown was for a total of 216 total samples over about 3600 microseconds. Scaling to a single sample for 52 channels gives a sampling period of about 867 microseconds, which is well under the proposed 10 msec sampling period. [3] and two curves show the prediction for filtering a normalized unit gain at channels 1and 4
Other than the SPI interface and the increased number of channels, this scanhead data formatting is identical to that which was used by the Conical Scanning Microwave Radiometer CoSMIR and Conical Scanning Submillimeterwave Imaging Radiometer (CoSSIR). However, with better technology made available since the development of CoSMIR/CoSSIR, HyMAS will be piggy-backing on a concurrent upgrade of the instrument data system. The Interoperable Remote Component (IRC) is a new application framework that was created for controlling and monitoring remote devices and sensors. This framework application is utilized to program functions of each component in the HyMAS instrument. Figure 7 shows the basic framework that will be used to develop graphical user interfaces (GUIs) for the new hyperspectral analysis capability prototyped for HyMAS. CoSMIR and CoSSIR will be able to re-use the IRC code for their own hyperspectral analysis when their instruments become equipped with an IFP adapted to their front end frequencies. IRC enables significant savings in development costs by utilizing eXtensible Markup Language (XML) descriptions to configure the framework for a specific application. Instrument Markup Language (IML) is used to describe the commands used by an instrument, the data streams produced, the rules for formatting commands and parsing the data, and the method of communication. Often no custom code is needed to communicate with a new instrument or device [5] . 
COSMIR/COSSIR & HYMAS COMPARISON
LTCC-BASED IF ELECTRONICS RESULTS
Figure 9: The 10cmx10cmx1cm IFP package[1] and the scan head doors that it must fit on (CoSMIR pictured on left [2])
The current status of miniaturization effort is in transition. The 9-channel prototype in the horizontal resonator implementation can only be miniaturized so much to a form factor that is 5 cm high and probably too large for the scan head door. Smaller designs will need to be stacked vertically with less test point access than the initial prototype. However, the 9-channel prototype has given us our initial measurements and shown us that, in terms of material properties and process tolerances, Low Temperature Cofired Ceramic (LTCC) technology gives acceptable performance up to about 29 GHz for these filter designs.
We have chosen this relatively high IF frequency band of 18-29 GHz to facilitate miniaturization of the IF processor module. We have found that even the horizontal resonators have suitable bandwidth and Q factor, inter-channel isolation, and insertion loss. Simulations predicted ~ 12 dB insertion loss per channel and return loss > 10 dB (passbands). The initial tests of the 9-channel prototype in Figures 10 and 11 show that the filtering predicted in figure  6 is spaced by ~156 MHz per channel, but all 9 channels were shifted uniformly, probably due to tolerances in the dielectric constant of the RF substrate. This also could happen in our substrate integrated waveguide (SIW), but a uniform frequency shift can be accomodated by changing the LO mixing frequency to adapt to a uniform shift in what the IF electronics is looking for. An 11 GHz IF that is 17-28 GHz or 19-30 GHz can also work as long as the front end is mixing down to those IF frequencies and the channel spacing is uniform. Filter resonator unloaded Q (Q u ) was estimated from the relationship between filter insertion loss (IL), resonator unloaded Q, fractional bandwidth (∆), and the low-pass filter parameters (g k 's):
Measured Q u ~ 250 was less than simulated (Q u ~ 600) but still significantly better than microstrip or stripline coupled line filters (typical Q u ~ 100-150). Finally, inter-channel isolation was > 35 dB between channels 3 and 5, 5 and 7, and 7 and 9 as measured between adjacent filters. Isolation improvement is expected with the vertical filter design. The 52-channel HyMAS IFP will be prototyped and tested in August 2013.
SUMMARY
Accommodation for the HyMAS IF frequency of 18-29 GHz has been planned throughout the HyMAS system. Careful frequency planning selection of components and component placement has improved the chances that the LTCC implementation of hyperspectral filtering can function in a tight package. The CoSMIR and CoSSIR teams at Goddard have had great success with existing designs but the instruments are undergoing a data system upgrade, and see the potential of the miniaturized filter bank. The preliminary results of the 9-channel prototype filterbank developed by MIT Lincoln Labs is very promising and the implementation of more compact vertical filter structure will likely improve that performance on the flight build expected in August 2013. Further integration into the HyMAS scanhead , instrument, and NASA ER-2 is being planned for summer of 2014.
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